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PROBLEM STATEMENT

The safety of the motoring public in highway work zones
is an issue of increasing importance, as additional emphasis
is being placed on improving and rehabilitating in-service
highways.

A number of studies have addressed various aspects of work
zone safety; however, nearly all have been based on very limited
data, and provide little indication of the scope of the work zone
accident problem. Consequently, this study was undertaken to
determine the magnitude and characteristics of motor vehicle ac-
cidents in highway work zones using cross-sectional data. The
study was based on 2,127 work zone accidents reported in Virginia
in 1977. The data on these accidents were taken from FR-300 re-
porting forms noting that the road was "Under Repair".

STUDY TASKS

To accomplish the above objective the following tasks were
performed.

Task A: Literature Review

A literature review was conducted to obtain information on
the causes and characteristics of highway work zone accidents and
their relationship to highway work zone activity. Specific at-
tention was placed on gathering data for use in a comparative
analysis with the Virginia data.

Task B: Data Preparation

Using a computerized file of 1977 Virginia motor vehicle ac-
cident reports, all of the reports marked Under Repair were iden-
tified, the data reformatted, and a subfile produced. From each
of the identified reports, additional data items were manually
coded. These additional items were determined largely from the
Accident Description and Accident Diagram sections of the report
and deal with the relationship between the cause and characteris-
tics of the accident and the characteristics of the work zone.



Task C: Review Instructions for Completing Accident Reports

A review was undertaken to determine the instructions and
guidelines, both written and oral, that are given to police offi-
cers for using the Under Repair designation, the Accident Dia-
gram, and the Accident Description sections of the accident re-
port. As part of this review, training and field officers were
interviewed to determine both instructions and typical interpre-
tations. In addition, a questionnaire was used to identify
field officers' interpretations of these instructions.

Task D: Accident Analysis

The data taken from the accident reports were examined: to
determine both the general and specific characteristics of the
work zone accidents. This analysis included a breakdown of acci-
dents by the variables regularly coded on the FR-300 (e.g., time
of accident, roadway alignment, etc.) as well as the separately
coded items. These latter items provided information on the
location of the accident within the work zone,. the specific re-
lationship between the accident and the work zone activity, and
the relationship between the accident and traffic congestion.
The analysis was also used to identify interactions between se-
lected variables (e.g., incidence of rear end accidents in ad-
vance of the actual work zone) and the significance of various
data stratifications (e.g., urban versus rural).

As part of this analysis, various characteristics of the
work zone accidents reported in Virginia were compared to those
of accidents noted in the literature. The analysis also in-
cluded an assessment of the completeness and consistency of ac-
cident reporting.

REPORT ORGANIZATION

The remainder of this report consists of three major sec-
tions. In the next section, the results of the analysis of the
work zone accident data are presented.



This is followed by another major section which contains
the results of the instructional review, including an analysis
of the information obtained with the questionnaire employed in
the study. This information, combined with the accident data,
was also used to estimate the overall magnitude of the work zone
accident problem.

The final section summarizes the results and findings from
the earlier sections. Conclusions are stated and recommendations .
for future study are presented.

ANALYSIS OF DATA

An analysis was made of data from report forms covering the
2,127 accidents that occurred in work zones in Virginia in 1977.
These accidents represent approximately 1.5% of the 142,270 acci-
dents reported in the state for that year.* Of the 2,127 work
zone accidents, 1,847 were associated with construction activities
and 280 with shorter term maintenance and utility type work.

Table 1 lists the variables that were coded for each of the
work zone accidents. As noted, some of the variables were coded
directly from computerized files while others were coded manually.
For the latter, information was taken from the Accident Descrip-
tion and Accident Diagram sections of the reports and dealt with
the relationship between the accident and the work zone. This
additional coding was completed for 1,628 of the 2,127 accidents;
copies of the remaining 499 accident reports could not be located.

In the presentation of the results the data are organized
into categories similar to those shown in Table 1. Frequency
tables are presented for each variable and the results of cross
classifications are provided in the appropriate sections. - Where
possible, comparisons were made between the characteristics of
work zone accidents in Virginia and those of all reported 1977
Virginia accidents. Only significant differences are presented.

In addition, several comparisons were made between the Vir-
ginia work zone accident data and characteristics of accidents
found through the literature search. These were limited, however,
because of an extreme scarcity of pertinent, quality data.

*Virginia law requires the reporting of all accidents in which
persons are injured or killed or in which property damage of
$250 or more occurs.



Table 1

Variables Ekamined For Work Zone Accidents

Location Classification

Report Number

Route Classification
Political Jurisdiction

Type of Locality

*Type of Highway
State/Non-State Network Route
Filer of Report

Time
Month of Year
Time of Day
Day of Week

Roadway and Environmental Factors

Road Alignment

Road Surface Condition
Lighting Conditions
Weather Conditions

Characteristics of Vehicle and Driver

Age of Driver

Sex of Driver

Vehicle Speed

Type of Vehicle
Pedestrian Involvement

Characteristics of Work Zone

*Indication of work zone in Accident Diagram and
Description ‘on Accident Report

*Type of Work Activity

*Traffic Control and Geometric Conditions

*Accident Location in Work Zone

Causal Factors

Principal Cause of Accident

*Type of Collision

Traffic Violations

*Accident in Relation to Congestion
Accident in Relation to Speeding
Accident in Relation to Alcohol Use

Accident Severity

Accident Severity

Number of Persons Injured

Number of Persons Killed

Number of Property Damage Accidents Only
*Amount of Property Damage

Number of Pedestrians Injured

Number of Pedestrians Killed

*Additional items were coded separately from original
FR-300 forms.



RESULTS

Time of Accident

All of the work zone accidents were identified by month,
day of the week, and time of day. Figure 1 shows the monthly
variation. As expected, the work zone accidents were more
frequent in the warmer months when regular work activity typi-
cally is scheduled than they were during the rest of the year.
The number of maintenance and utility zone accidents peaked in
July and October, and the average was 21.5 accidents per month
from May to October. All of the work zone accidents had a wider
peak centered in May. From March to August there were an aver-
age of 205.2 work zone accidents per month.

Figure 2 shows the daily distributions of accidents for
work zones and all 1977 accidents.® Examination of the data
shows, not unexpectedly, that the frequency of work zone acci-
dents is high during the Monday-through-Friday workweek,whereas
the all 1977 accidents exhibit a weekend peak.

The breakdown of accidents by hour of the day is shown in
Figure 3. For the all 1977 accident categories, the lowest number
of accidents occurred in the late evening and early morning hours.
There is a small peak during the typical morning traffic peak
(7-9 a.m.); the number then rises fairly steadily to late after-
noon (3-5 p.m.), then drops off rapidly. Not unexpectedly, the
hourly variation in the work zone accidents matches the variation
in all 1977 accidents. The one notable exception is that there
were relatively more work zone accidents from _midmorning (10 a.m.)
to midafternoon (3 p.m.). This exception is due, no doubt, to the
relatively larger amount of work activity that typically occurs
during this period.

*In all figures and tables that include the All 1977 Accidents
data, this information was taken from the publication entitled
Virginia Crash Facts, 1977 and issued by the Virginia Depart-
ment of State Police.
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Accident Location

Accident location was examined by identifying several
general and specific characteristics of the accident sites. The
numbers of urban and rural accidents are shown by degree of se-
verity in Table 2. For both the work zone and all 1977 Virginia
accidents there were more in the urban category. A comparison
of these data, however, also shows that there is an overrepre-
sentation in the number of work zone accidents in urban areas
and an overrepresentation in the number of fatalities and in-
juries in urban work areas, which indicate that accidents in the
urban work zone may constitute a considerably more serious prob-
lem than accidents in the rural work zone.

Tables 3, 4, and 5 show more specific characteristics of the
accident locations. In Table 3, it is shown that the majority of
the work zone accidents occur at nonintersection locations. In
addition, the comparison of all 1977 accidents with those occur-
ring in work zones shows proportionately fewer of the latter at
intersections in the Street or Highway and Alley or Driveways
categories. Table 4 shows that work zone accidents are most
frequent in "open country" areas, but that they are underrepre-
sented when compared to all 1977 accidents. This fact correlates
well with the above findings that work zone accidents are over-
represented in urban areas.

Table 5 shows that work zone accidents occurred most common-
ly on 4-lane divided facilities (i.e., roads having 4 lanes sepa-
rated by a barrier or median). For those cases where a positive
determination could be made, 65% of the work zone accidents were
identified as occurring on the state primary system.

Table 2

Accident Location By Urban/Rural Classification

All 1977 Work Zone
Location Crashes Deaths Injuries Crashes Deaths Injuries
No. % No. % No. % No. % No. % No. %

Urban Areas 73,859 51.9 267 23.3 | 26,556 46.3] 1,269 60.9 8 61.5] uu7 §9.6
Rural Areas 68,411 48.1 878 76.7 | 30,833 53.7 831 39.1 5 38.5| 303 40.4

Total 142,270]100.0 1,145 1100.0 | 57,389 | 100.0| 2,127 | 100.0} 13 |100.0| 750 |100.0




Table 3

Accident Location by Type of Intersection

Location All 1977 Work Zone
No. % No. %
Street or Highway

Intersection 59,14y 41.6 762 35.8
Alley or Driveway

Intersection 17,388 12.2 152 7.2
All Other Non-

Intersections 65,738 46.2 1,213 57.0
Total 142,270 100.0 2,127 100.0

Table 4
Accident Location by Land Use
Land Use All 1977 Work Zone
No. % No. %
Open Country 46,292 58.2 9Ly by,
Business/

Industrial 48,689 19.2 701 33.0
Residential 42,530 20.0 449 21.1
Other and

Not Stated 4,759 2.6 33 1.5
Total 142,270 100.0 2,127 100.0
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Table 5

Work Zone Accidents by Type of Roadway

Roadway Type No. %
One-way L0 2.9
2-Lane 465 33.6
3-Lane 21 1.5
4-Lane 684 4g.y

Undivided 141 10.2

Divided 543 39.2
6-Lane 167 12.1
8-Lane 7 0.5
All Others and

Not Stated 249 %
Total 1,628%% 100.0

*Not included in percent calculation.

**Does not include 499 Road Under Repair accidents for

which forms were unavailable for review.

Roadway and Environmental Factcrs

In this section the results of an examination of roadway
alignment, surface condition, and light and weather conditions
Since the information for these factors is regu-
larly coded on all accident reports, comparisons between work
zone accidents and all 1977 accidents were possible.

are presented.

Table 6 shows the number of accidents that occurred on
different types of roadway alignments.
an extremely close agreement between the work zone accidents and
Not shown in the table is the fact that main-
tenance and utility work zone accidents are 55% to 60% more common
in the Grade-Straight and the Grade-Curve alignment conditions as

all 1977 accidents.

compared to all 1977 accidents.

11
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Table 6

Accidents by Road Alignment

Alignment All 1977 Work Zone
No. % No. %
Level — Straight 80,266 57.2 1,180 55.7
Level — Curve 14,267 10.2 219 10.3
Grade -~ Straight 23,672 16.9 362 17.1
Grade — Curve 15,017 10.7 231 10.9
Hillcrest — Straight 3,975 2.8 73 3.5
Hillcrest — Curve 1,428 1.0 23 1.1
Dip — Straight 1,152 0.8 21 1.0
Dip — Curve 597 0.4 9 0.4
Not Stated 1,186 * 9 *
Total 142,270 100.0 2,127 100.0

*Not included in percent calculation.

Accidents are broken down by road surface condition in Table
7. While there was a similar pattern for the work zone accidents
and all accidents, the notable difference was that work zone acci-
dents were more common on dry pavement and less common for all
other conditions. The lower percentage of work zone accidents on
wet, icy, and snowy pavement suggests that motorists are more cau-
tious under these circumstances and/or that work zone activity is
typically curtailed under adverse weather conditions. Not shown
in the table is the fact that 40% of the work zone accidents on
muddy and oily surfaces occurred in maintenance and utility areas.
A reexamination of the accident reports showed that the adverse
surface conditions were often the result, directly or indirectly,
of the work activity.

Table 8 shows the breakdown of accidents by light condition.
Approximately 70% of the work zone accidents occurred during day-
light compared to slightly over 63% for all 1977 accidents. This
was due, no doubt, to the fact that more work was performed under
daylight than under other conditions.

12



Accidents by Road Surface Condition

Table 7

Surface Condition All 1977 Work Zone
No. % No. %
Dry 101,877 72.7 1,728 81.
Wet 28,625 20.4 313 1y,
Icy 6,938 5.0 33 1.
Muddy 153 0.1 17 0.
Snowy 2,377 1.7 15 0.
0ily 184 0.1 13 0.
Not Stated 2,116 * 8 *
Total 142,270 100.0 2,127 100.

*Not included in percent calculation.

Accidents by Light Conditions

Table 8

Light Condition All 1977 Work Zone
No. % No. %
Daylight 88,998 63.4 1,468 69.
Dusk 4,906 3.5 52 2.
Dawn 1,699 1.2 33 1.
Darkness
Road Not Lighted 22,184 15.8 253 11.
Darkness
Road Lighted 22,687 16.1 309 14,
Not Stated 1,796 * 12 *
Total 142,270 100.0 2,127 100.

*Not included in percent calculations.
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In Table 9 accidents are shown by weather condition. As
can be seen, both work zone accidents and all accidents were far
more prevalent in clear as compared to inclement conditions. A
closer examination, however, shows that there was an overrepre-
sentation of work zone accidents under clear conditions or, con-
versely, an underrepresentation under adverse conditions. This
finding parallels the information above on surface conditions and
once again suggests that motorists are more cautious under adverse
weather conditions than under good conditions and/or that work
activities are curtailed under the former.

Table 9
Accidents by Weather Conditions

Weather All 1977 Work Zone

No. % No. %
Clear 82,793 58.2 1,460 68.6
Cloudy 30,420 21.4 389 18.3
Raining 16,514 11.6 183 8.6
Misting 4,033 2.8 Lo 1.9
' Sleeting 2,665 1.9 15 0.7
Fog 1,130 0.8 1y 0.7
Snowing 1,969 1.4 13 0.6

Other and

Not Stated 2,746 1.9 13 0.6
Total 142,270 le0.0 2,127 100.0

Characteristics of the Work Zone

This section reports on several physical and operational
characteristics of the work zones examined. These included the
type of work activity being performed, the characteristics of the
traffic control used,and the location of the accident within the

14



work zone. Data for this examination were taken almost entirely
from the Accident Diagram and Accident Description sections of
the accident reports. As a result, it was not possible to com-
pare these characteristics for the work zone accidents and all
1977 accidents.

Of the 1,628 work zone accident reports manually reviewed,
62.7% had no information on the work zone in either the Acci-
dent Diagram or Accident Description. Information on the work
zone was in one or the other section in about 20.0% of the cases
and in both in 20.0% of the cases.

The type of traffic control used is shown in Table 10. For
both the work zone and all 1977 accidents the rank order of the
accident frequency by type of control was nearly identical. In
both cases, the first two categories, "Traffic Lanes Marked" and
"No Control", comprised the majority of the accidents (i.e., 55%
to 60%). No Control indicates that there were no traffic control
devices in the vicinity of the accident. Not unexpectedly, the
work zone accidents showed an underrepresentation in the No Con-
trol category and an overrepresentation in the Slow Sign cate-
gory.

The type of work activity being performed was identified in
only 122 (7.5%) of the 1,628 reports examined. As shown in Table
11, roughly half of those identified were resurfacing operations.
Another 40.0% were split nearly equally between trenching, bridge-
deck repair, nonspecific shoulder work, and work beyond the shoul-
der.

Table 12 summarizes several types of traffic control used in
the work zone. As shown, nearly half of the cases where a deter-
mination could be made involved a lane closure. Another quarter
of the cases involved a shoulder closure.

One of the more instructive aspects of the analysis of the
characteristics of the work zone concerned the location of the
accident within the work zone. For this analysis the area sur-
rounding a typical work area was divided into six overlapping
areas (see Figure 4). Using the information in the Accident Dia-
gram and the Accident Description, locations for 566 of the 1,628
accidents reviewed were determined.

As shown in Figure 4, slightly less than half of all of the
accidents located (44.7%) occurred in the roadway immediately
adjacent to the work area (excluding the approach and closure ta-
pers). The region immediately before the work area, the approach
taper region, was the scene of the next highest percentage, with
at least 75 accidents (13.3%). An additional 26% of the acci-
dents were identified as occurring in the general area designated
as "work zone"; however, it could not be determined whether these
accidents occurred in the approach taper, work area, or closure
taper. Consequently, the aforementioned figures should be inter-
preted as minimum values.

15



Table 10

Accidents by Type of Traffic Control

Traffic Control All 1977 Work Zone
No. % No. %
Traffic Lanes Marked 43,808 30.8 732 34.4
No Control 41,581 29.2 417 19.6
Traffic Signal 19,515 13.7 273 12.8
Stop Sign 19,654 13.8| 200 9.4
Slow Sign 1,363 1.0 197 9.3
All Others and Not Stated 16,349 11.5 308 14.5
Total 142,270 100.0 2,127 100.0
Table 11
Work Zone Accidents by Type of Work Zone
Type of Work Zone Work Zone Accidents
No. %

Specific Work Activity

Resurfacing 62 50.8

Trenching ' 11 9.0

Bridge Deck Repair 10 8.2

Sweeping/Washing 3 2.5

Pavement Marking 1 0.8

Pothole Repair 1 0.8
Nonspecific Shoulder Work 13 10.6
Work Beyond Shoulder 13 10.6
All Others 8 6.7
Unknown 1,506 *
Total 1,628%% 100.0

*Not included in percent calculations.

**Does not include 499 Road Under Repair accidents for which forms
were unavailable for review.
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Table 12

Work Zone Accidents by Traffic Control Characteristics

Characteristic No. %
Lane(s) Closed 204 47.9
Shoulder Closed 115 27.0
Flagman/Signal 51 12.0
Lane Narrowed or Partially Taken 32 7.5
Work Beyond Shoulder 13 3.0
All Others 11 2.6
Unknown 1,202 *
Total 1,628%% 100.0

*Not included in percent calculations.

*%*Does not include 499 Road Under Repair accidents for which
forms were unavailable for review.

Location of end
work sign or end
of return taper

Location of first traffic
control device excluding
advance warning signs

After Before
Work Zone e — Work Zone = Work Zone .
(26.0) -
(1.u4) v (12.7)
(1.9) (13.3)
< Work Area < >
Y (44.7)
9
o o
— o_0_©o0 o o_o0_o o
- e

Figure 4. Accident location within the work zone.
Numbers in parentheses indicate the
percentages of accidents located in

(Note:

areas.)
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Further examination of the accident locations showed that
each of the general work zone regions exhibited different types
of accident patterns. In terms of absolute numbers of accidents,
rear end and fixed object accidents were most frequent in the area
immediately adjacent to the work area. However, it was not un-
expected that rear end accidents, the most prevalent type, made
up a larger percentage of the accidents in the areas in advance of
the actual work area. Fixed object accidents, the second largest
type, occurred with nearly equal Percentages throughout the entire
work zone.

Similar data were generated by Nemeth and Migletz (1978) and
are shown in Table 13. The region descriptions differed slightly
but were generally the same as those described above. A compari-
son of the two data bases showed that, relative to the Ohio study,
Virginia had the following:

. Fewer fixed object and rear end accidents before
the work zone

. Fewer accidents in general in the approach taper
region and relatively more rear end and relatively
fewer fixed object accidents in the approach taper

. Fewer fixed object accidents immediately adjacent
to the work area

. Fewer rear end accidents in the entire work area
region
Table 13

Type of Accident by Location

% of Total Accidents

Type of % of Accidents in Location
Accident

Location Ohio

Before Work
Zone

Rear End
Fixed Object 12.5

Other 37.5 12.5
Approach Rear End 42.7 23.5
Taper Fixed Object 32.0 4y,

Other 25.3 32.4

Adjacent to

Fixed Object 28.0 37.5
Work Area

Rear End 27.7 ’ 24,0
Side Swipe 18.2 12.0
Other 26.1 26.5

Entire Work

Fixed Object 40.8 44,0
Zone Area

Rear End 28.6 42.9
Other 30.6 13.1
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Type of Accident

This section examines several variables that describe the
types of accident occurring in work zones. These include ve-
hicle type, type of crash, type of fixed object hit, and ve-
hicle action. Where data for a particular measure were taken
from information regularly coded on the accident report, com-
parisons were made with the entire 1977 data base. In a few
cases, comparisons were possible using data from other studies.

Table 14 shows the breakdown of accidents by vehicle type
for both all 1977 and work zone accidents. As can be seen,
the only notable difference is the overrepresentation of larger
vehicles involved in work zone accidents. An examination of
the accident reports showed that this was due in part to the
involvement of construction equipment in work zone accidents.
In addition, there was some evidence (sparse) that large ve-
hicles had difficulty negotiating work areas because of reduced
geometric standards and/or driver inattention (e.g., driver not
noticing lane closure).

Table 14

Accidents by Type of Vehicle

Type of Vehicle All 1977 Work Zone
No. % No. %
Passenger Car 203,u23 80.3 2,978 77.0
Large Vehicles (Total) 39,668 15.7 775 20.0
Truck or Tractor-
Trailer 37,066 713
Bus 1,767 31
Other Tractor & Combination 835 26
(Not Tractor-Trailer)
Motor Scooter and Motorcycle 3,187 1.3 3y 0.9
Emergency Vehicles 1,006 0.4 12 0.3
All Others and Not Stated 5,929 2.3 70 1.8
Total 253,213 100.0 3,869 100.0
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Table 15 shows that just over 70% of all crashes involved
vehicles hitting other vehicles for both all 1977 and the work
zone accidents. More importantly, however, these data show that
relative to all 1977 crashes, work zone accidents involved fewer
noncollision type accidents and more fixed object type. For the
Virginia work zones, the most prevalent type of fixed object hit
included work area barriers and signs; 33.7% as shown in Table
16. The category "Construction Equipment or Vehicles" accounted
for another 16.2% of the fixed objects hit. It will be shown
later that the majority of these were the direct result of the
unsafe movement of a work vehicle.

The high incidence of fixed object type crashes and the un-
safe movement of work vehicles have been documented as problems
in a number of case studies; e.g. Cal. DOT (1974). More specif-
ically, Nemeth and Migletz (1978) have shown that 37.1% of con-
struction accidents in Ohio involved the striking of a fixed
object, and that 27.8% of the total number of work zone acci-
dents involved the striking of construction barriers or signs.
While not directly comparable, Rowe (1975) has noted that 3.0%
of all injury accidents in England involved the hitting of con-
struction related objects.

Table 15

Accidents by Type of Crash

Type of Crash All 1977 Work Zone
No. % No. %

Other Motor

Vehicle 100,232 70.5 1,508 70.9
Noncollision 32,631 22.9 348 16.3
Fixed Object 3,959 2.8 221 10.4
Pedestrian 2,052 1.4 27 1.3
All Others and

Not Stated 3,396 2.4 23 1.1
Total 142,270 100.0 1,127 100.0
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Table 16

Work Zone Accidents by Type of Fixed Object Hit

Type of Fixed Object No. %
Bank or Ledge 26 7.1
Trees: 17 4.7
Utility Pole 26 7.1
Fence or Fence Post 11 3.0
Guardrail or Post 25 6.8
Highway Structure 65 17.8
Signs, Traffic Signals 13 3.6
CopgggggtianBarricades,Barriers8 123 33.7
Construction Equipment or Vehicles 59 16.2
Not Stated or Not Applicable 1,263 ®
Total 1,628%% 100.0

*Not included in percent calculations.

**Does not include 499 Road Under Repair Accidents
for which forms were unavailable for review.

Further information on the type of crash was derived by the
directional analysis and is presented in Table 17. The most com-
mon work zone accident, the same-direction-intersection crashes
(16.2%), were typically sideswipe accidents often caused by re-
duced shoulder or lane width. Compared to all 1977 accidents,
there was an overrepresentation of work zone accidents in the non-
intersection subcategories of Rear End, Stopped in Traffic, and
Fixed Object in Road. The manual review of the accident reports
showed that where a positive determination could be made, 34.5%
of the accidents were rear end crashes. This is nearly double
the roughly 18.0% rear end crashes reported for all 1977 accidents.
Nemeth and Migletz (1978) have also shown a high incidence of rear
end accidents in rural construction areas (40.4%).
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Table 17

Type of Crash by Location

Vehicle Action All 1977 Work Zone
No. % No. %
Intersection Crashes
Entering at Angle 22,495 15.8 231 10.9
From Same Direction 21,881 15.4 34y 16.2
From Opposite Direction 6,846 4.8 74 3.5
Fixed Object in Road 690 0.5 21 1.0
Left Road 4,617 3.3 56 2.6
Non-Intersection Crashes
Head On 1,559 1.1 18 0.9
Angle or Sideswipe 11,796 8.3 222 10.4
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